Is There Enough Time to Replicate the Genome? The bacterium Escherichia coli has a genome of roughly 5 million base pairs (bp) and a replication rate in the range of 200-1000 bp/s. These numbers imply that it should take the two replisomes at least 2500 s to replicate the genome, a number that is much larger than the maximal division rate of ?20 min. How can this be? It turns out that, under ideal conditions, E. coli uses nested replication forks that begin to replicate the DNA for the granddaughter and great granddaughter cells before the daughter cells have even completed replication.
How Many Mutations in a 5 ml Culture of Bacteria? Using the 10 −9 /bp mutation rate of E. coli per replication and a genome size of ?10 7 (both strands), we predict ?10 −2 mutations per genome replication. In a 5 ml saturated culture (optical density ?2.0) of E. coli, there are about 10 9 to 10 10 cells. The final doubling of this culture requires the replication of ?10 9 cells, thus even this last cell division event would be responsible for ?10 7 single base pair substitutions. If the culture started with a single bacterium, every single nonlethal base pair substitution in the E. coli genome is likely to be represented in the culture.
How Long to Reach Confluence?
In a 96 multiwell plate, each well has a diameter of 5 mm (i.e., an area of ≈20 mm 2 = 2 × 10 7 µm 2 ). Given that the diameter of a HeLa cell is ≈25 µm (i.e., ≈500 µm 2 area), it takes roughly 40,000 cells to reach confluence. Starting with a single cell (obtained by cell sorting rather than cell splitting) with a generation time of about 1 day, the time to reach confluence is about 2 weeks.
How "Dense" Is a Saturated E. coli Culture? A saturated E. coli culture has about 10 9 cells/ml. Given that each cell is about 10 −12 grams, we get a cell concentration of about 1 mg/ml or about 1 part in a thousand of the mass (or volume). The mean spacing between the cells is roughly 10 µm (which is not as dense as the concentration of bacteria in the gut of the termite where densities are typically a factor of ten higher).
How Many Carbon Atoms Are in a Cell?
A cell with a volume of 1 µm 3 and a density of about 1 g/ml has a total mass of 10 −12 grams. From the formula C 4 H 7 O 2 N 1 and the weights of the elements, we derive a carbon content of about 12 × 4/(12 × 4 + 7 + 2 × 16 + 14) = 48/101 or about one half of the dry mass. With 30% dry mass (70% water), we obtain ?10 −13 gm of carbon. Next we transformed the number of molecules using Avogadro's constant: 6 × 10 23 × 10 −13 /12 = 5 × 10 9 carbon atoms per cell. To verify this, we have done the calculation in a different way: assuming there are about 3 × 10 6 proteins, each one consisting of about 300 amino acids, we get a total of ?10 9 amino acids. An amino acid has about five carbon atoms, so we arrive at a similar value. Both estimates depend linearly on the cell volume, which can vary significantly based on growth conditions.
How Far Can Macromolecules Move by Diffusion?
It takes about 10 s on average for a protein to traverse a HeLa cell. An axon 1 mm long is about 100 times longer than a HeLa cell, and as the diffusion time scales as the square of the distance it would take 10 5 seconds or ?2 days for a molecule to travel this distance by diffusion. This demonstrates the necessity of mechanisms other than diffusion for moving molecules long distances. A molecular motor moving at a rate of ?1 µm/s will take a "reasonable" time (?15 min) to traverse an axon 1 mm in length.
